who should undergo a spiral CT of the abdomen are listed in Table 1 .
In patients with stab wounds to the right thoracoabdominal area, right upper quadrant of the abdomen, right flank, or epigastrium, no further diagnostic tests are indicated in the following groups of patients: (1) negative local wound exploration (no penetration of anterior fascia or peritoneum if it can be visualized) after a stab wound to right upper quadrant or epigastrium; (2) no hypotension, peritonitis, or moderate evisceration in any of the above groups, despite presumed or documented penetration of the peritoneum. Even if a hepatic injury is likely in the latter group, nonoperative management would be chosen (see below).
In patients with gunshot wounds to the right thoracoabdominal area or high right flank and rarely in patients with gunshot wounds to the superior aspect of the right upper quadrant or epigastrium, the absence of hypotension and the presence of local tenderness only around the tract of the missile should prompt a spiral CT rather than an emergent laparotomy.
The combination of trauma to the right upper quadrant, right flank, or right thoracoabdominal INTRODUCTION Injuries to the liver have been reported to occur in 35-45 % of patients with significant blunt abdominal trauma if patients treated nonoperatively and operatively are included. In patients undergoing laparotomy for stab wounds of the abdomen, 40 % will be found to have an injury to the liver. This figure decreases to 30 % in patients undergoing laparotomy for gunshot wounds of the abdomen.
From 1908, with the publication of Pringle's paper, until the mid-1980s, the primary focus of the "trauma surgeon" was in choosing the most appropriate technique of operative management in patients with hepatic injuries (1). With increasing acceptance of nonoperative management for blunt and some penetrating injuries in the modern era, the primary focus for the surgeon is now in the selection of appropriate patients for nonoperative management and in the recognition and treatment when such management fails.
PRESENTATION, IMAGING, STAGING PRESENTATION
In 50-85 % of patients with blunt hepatic injuries, the patient is hemodynamically stable or only modestly hypotensive while in transit to or upon arrival in the emergency center. Local tenderness, only, is present in the right upper quadrant and may be related to injury to muscles of the abdominal wall, the costal margin, or to intra-abdominal structures. Once the patient's "ABCs" are stabilized and there is no obvious indication for a laparotomy (hypotension during resuscitation or development of diffuse peritonitis), a spiral CT of the abdomen is performed in selected groups of patients. In the modern era, hemodynamically stable patients with multisystem blunt trauma area, profound hypotension temporarily responsive to the infusion of fluids and blood, and abdominal distension is strongly suggestive of the presence of a major hepatic injury with hemorrhage after either blunt or penetrating trauma. Imaging studies are obviously contraindicated in such a patient, and an emergent laparotomy is performed without precise knowledge of the presence or extent of the hepatic injury.
IMAGING
A surgeon-performed ultrasound using a 3.5 megahertz (MHz) transducer is an effective technique for rapid imaging in hemodynamically stable or unstable patients with possible hepatic injuries (2). A sagittal view of the right upper quadrant is performed by placing the 3.5 MHz transducer on the anterior axillary line between the tenth and eleventh ribs. The presence of an anechoic (black area without echoes, similar to inferior vena cava) stripe in the hepatorenal fossa or in the right subdiaphragmatic area is strongly suggestive of blood accumulation in the right upper quadrant. While this fluid may represent hemorrhage from other organs in the abdomen, the patient with blunt trauma to the right upper quadrant, right flank, or right thoracoabdominal area is likely to have an injury to the liver. The hemodynamically stable patient with a "positive" ultrasound then undergoes a spiral CT of the abdomen to document the presence and magnitude of injuries to the liver and other intra-abdominal viscera. The hemodynamically unstable patient with a "positive" ultrasound is moved directly to the operating room without further imaging. A spiral CT of the abdomen and pelvis in the hemodynamically stable patient is performed after the intravenous injection of a 60 % contrast agent. The value of administering oral contrast 30-45 minutes before and just prior to initiation of the scan is debated continuously in the United States, but is still performed in most academic trauma centers. Spiral CT findings of interest to the surgeon include the presence and magnitude of the hepatic injury, the presence and magnitude of intraperitoneal blood, and the presence and magnitude of associated intraperitoneal and retroperitoneal visceral, mesenteric and vascular injuries. Hepatic injuries typically noted on a spiral CT study include a parenchymal laceration, intrahepatic hematoma, or subcapsular hematoma with or without active extravasation of intravenous contrast ("hot spot" or "sentinel clot"). One helpful classification for describing the magnitude of intraperitoneal blood has been described by Malhotra et al and is summarized, as follows: "minimal" (perihepatic blood, only); "moderate" (perihepatic blood plus blood in paracolic gutter(s)); and "large" (perihepatic, paracolic and pelvic blood) (3).
STAGING
The Hepatic Organ Injury Scale developed by the American Association for the Surgery of Trauma (AAST) in 1989 and then revised in 1994 is primarily applicable to the appearance of parenchymal injuries noted at operation (4). It is utilized to describe injuries noted on a spiral CT of the abdomen, as well, and every surgeon should be aware of the historic limitations of this approach. In the 1991 study by Croce et al of 37 patients with hepatic injuries and a preoperative CT followed by operation, the preoperative CT grading correlated with operative findings in only six patients (37 %) (5). In four patients with intraparenchymal hematomas on a preoperative CT, the hematomas were not visualized at operation. Also, the CT indicated more severe injury in 12 patients and less severe injury in 15 patients. Whether the correlation is better at the current time with the modern generation of spiral CT scanners is unknown as so few patients undergoing nonoperative management (to be discussed) come to a delayed laparotomy.
The AAST Liver Organ Injury Scale in use since its publication in 1995 is described in Table 2 .
NONOPERATIVE MANAGEMENT OF BLUNT HEPATIC TRAUMA
The success of nonoperative management of hepatic injuries in children in the early 1980s coupled with the repeated observation that 75-85 % of hepatic injuries in adults were no longer bleeding at the time of an emergent laparotomy prompted the initiation of nonoperative management in adults over 15 years ago (6, 7). The 95-98 % success rate of nonoperative management in properly selected patients with hepatic trauma and the evidence of hepatic healing on sequential abdominal CTs since that time have increased enthusiasm and comfort with this approach.
Patients who are hemodynamically stable continuously from the time of trauma through evaluation in the emergency center are ideal candidates for nonoperative management of a hepatic injury. Other patients who are modestly hypotensive (systolic blood pressure < 120 mm Hg and > 90 mm Hg) upon arrival and who respond to the rapid infusion of crystalloid solutions without further hypotensive episodes are considered to be hemodynamically stable in most centers and are candidates for nonoperative therapy, as well. The presence of a closed head injury, even one that is moderate (Glasgow Coma Scale 9-13) or severe (Glasgow Coma Scale ≤ 8), is no longer considered to be a contraindication to nonoperative management in appropriately monitored patients.
In the hemodynamically stable patient with a hepatic parenchymal laceration, intrahepatic hematoma ( Fig. 1 ), or subcapsular hematoma and no other CT or clinical finding mandating a laparotomy, nonoperative management alone is appropriate. Contraindications to nonoperative management alone include the following: (1) extravasation of intravenous contrast into the hepatic laceration or hematoma ("hot spot" or "sentinel clot"); or (2) AAST Grade III, IV, or V hepatic laceration and "large" hemoperitoneum (blood around liver and spleen and filling the pelvis). In the former group, therapeutic emboli- zation of the injured intrahepatic artery by an interventional radiologist is appropriate when the patient remains hemodynamically stable. Patients in the latter group undergo operative therapy in most centers, particularly if they remain tachycardic or have another episode of hypotension after appropriate resuscitation.
In the awake and alert patient with an isolated AAST Grade I or II hepatic injury, observation in a telemetry or stepdown unit is acceptable. The multiply-injured patient with a hepatic injury being man-aged nonoperatively is observed in the surgical intensive care unit. With either type of patient, bed rest is mandatory, a nasogastric tube is in place, and hematocrits are checked every 6 to 8 hours. The protocol for serial hematocrits is adhered to rigidly as this is one of the few simple markers available in sedated, comatose, or intubated patients. Serial physical examinations are mandatory to detect changes in tenderness or the onset of new peritoneal signs in patients who are awake and alert. Returns to the operating room for fixation of orthopaedic injuries, etc., in the first week of observation should be avoided in patients with AAST Grade III-V hepatic injuries. Heparinization such as might be used after a complex vascular repair or as prophylaxis against deep venous thrombosis is contraindicated. When there are simultaneous blunt intimal or wall injuries in the carotid or vertebral artery and a nonbleeding hepatic injury, a decision must be reached on the potential for a cerebrovascular accident if heparin is withheld.
Patients with AAST Grade I or II injuries who are asymptomatic and have a stable hematocrit after 48 hours of observation may be transferred to a floor bed near the nurse's station. They are advised to call the nursing staff immediately if acute abdominal or right shoulder pain, diaphoresis or lightheadedness occurs. Ambulation is limited throughout the period of hospitalization, though a general diet may be re-sumed in stable patients with isolated hepatic injuries. No follow-up CT of the abdomen is performed during the original hospitalization. Asymptomatic patients with AAST Grade I or II injuries are discharged at 5 to 7 days after injury and are encouraged to be monitored by another adult who can observe them for the next week. Should the patient wish to resume vigorous physical activity or contact sports, an outpatient abdominal CT at 4 to 6 weeks after injury is mandatory.
Patients with AAST Grade III-V hepatic injuries are usually kept at bed rest in the intensive care unit for 5 to 7 days. In patients who develop an inflammatory response syndrome with fever, tachycardia, and ileus secondary to a large peritoneal hematoma or biloma, a laparoscopic washout has been recommended by Carrillo and associates from the University of Louisville, Kentucky (8). A follow-up abdominal CT is performed after the initial 5-7 day period of observation to help the surgeon choose further management. For example, the appearance of a new intrahepatic pseudoaneurysm or significant increase in the size of a subcapsular hematoma would mandate consultation with an interventional radiologist or even a delayed operation. Most Grade III-V parenchymal lesions in asymptomatic patients are unchanged on the repeat abdominal CT at 5 to 7 days after injury. Once again, the patient is observed by another adult for a week after discharge. Activity is limited until healing of the injured liver is noted on an outpatient CT of the abdomen at 8-12 weeks after injury.
The success of nonoperative management of hepatic injuries in properly selected children and adults in the United States has been remarkably consistent for the past 10 years. In the multicenter study of Pachter et al of 404 patients with hepatic injuries treated nonoperatively, operative intervention was necessary in only six patients (hemorrhage 3, perihepatic abscess 1, missed enteric injury 2) (9). If operation is chosen as a marker of failed nonoperative management, the failure rate in this series was 1.5 %. When complications including need for transfusion, continued observation, or percutaneous drainage are added to the need for operation, the failure rate in this series was 5.2 %. Only two of the 27 deaths in this series (7.4 %) were related to continuing hepatic hemorrhage. In the more recent series from Malhotra et al, liver-related failure of nonoperative management occurred in 20 of 560 patients (3.8 %) (3). Hemodynamic instability was the indication for an operation in 16 of these patients, while a falling hematocrit was present in the other four.
The signs of failure of nonoperative management of a hepatic injury are listed in Table 3 . Management will vary depending on the nature of the problem, but operative management for patients with hemodynamic instability and ongoing or delayed hemorrhage is appropriate. An emergent hepatic arteriogram may reveal the cause of expansion of a subcapsular or intrahepatic hematoma, while percutaneous drainage is appropriate for septic intrahepatic or perihepatic fluid collections.
NONOPERATIVE MANAGEMENT OF PENETRATING TRAUMA
In the prospective series of Renz and Feliciano, 13 patients with gunshot wounds to the right thoracoabdomen (nipple to costal margin, midline to posterior axillary line) were managed nonoperatively (10) . All patients were hemodynamically stable, and none had peritonitis on physical examination. A contrastenhanced CT scan was performed in 12 patients, while one patient refused this study. Organs noted to be injured on the CT scans included the right lung in all 12 patients, right lobe of the liver in seven, and varying numbers of injuries to ribs, the spinal cord, vertebral body, hepatic vein or kidney. All 13 patients did well using follow-up CT scans to document healing of the injured liver or kidney. The authors recommended that the nonoperative approach continue to be studied in experienced trauma centers with sufficient manpower to perform frequent serial physical examinations.
OPERATIVE MANAGEMENT (11) MANAGEMENT IN THE EMERGENCY CENTER
Extensive experience in patients with blunt or penetrating abdominal trauma at Grady Memorial Hospital has documented that no more than 10 minutes should be spent in the emergency center when there are obvious indications for a laparotomy. In the awake patient with a systolic blood pressure < 90 mm Hg, venous blood should be drawn for blood type and cross-match and an identification bracelet should be applied. There is no need for the insertion of intravenous catheters, the withdrawal of further venous blood for laboratory testing, or the insertion of a thoracostomy tube, nasogastric tube, or bladder catheter as all of these are more easily accomplished in the operating room. In the moribund patient with a systolic blood pressure < 70 mm Hg and a massively distended abdomen, intubation is appropriate. When the emergency room is geographically distant from the operating room, an emergency room thoracotomy with cross-clamping of the descending tho- (12) . After hepatotomy is completed, a viable omental pack is inserted into the site and fixed in place with several chromic sutures. Although the precise value of the omental "filler" is unclear, much anecdotal evidence suggests that perioperative venous oozing and postoperative drainage and perihepatic collections are decreased when it is used. When larger peripheral sections of the liver are devitalized by shotgun wounds or blunt trauma, resectional debridement with selective vascular ligation is performed. Left lateral segmental resection is occasionally necessary for avulsion-type injuries lateral to the falciform ligament; however, formal anatomic lobectomy is rarely required. Absorbable meshes are used as a sheet to replace Glisson's capsule or as a large wrap to compress a fragmented liver. Temporary intrahepatic Foley balloon tamponade is used for bleeding from intrahepatic stab wound or missile tracks in which a hepatotomy is precluded by the length of the track or by the presence of a coagulopathy. Selective extrahepatic artery ligation is performed only when selective intrahepatic vascular ligation cannot control arterial bleeding in deep lacerations as the Pringle maneuver is released, but the repeated application of a Pringle maneuver appears to slow the rate of hemorrhage. Perihepatic packing with laparotomy pads is used when nonmechanical hemorrhage results in diffuse oozing from hepatic suture lines or raw surfaces or when large, subcapsular, nonexpanding, and unruptured hematomas are present (13) (Fig. 2) . When moderate to severe hepatic lacerations have been repaired or when extensive debridement or resection has been performed, most surgeons agree that some type of closed suction drains should be inserted. Operative mortality varies depending on the cause of hepatic trauma, but averages 10-15 % in trauma centers seeing a reasonable mix of penetrating and blunt injuries. When blunt hepatic injuries predominate, operative mortality can exceed 25 %.
JUXTAHEPATIC VENOUS INJURIES
These AAST Grade V injuries usually involve the overlying hepatic parenchyma in association with trauma to the retrohepatic vena cava or a major hepatic vein directly entering the cava. A retrohepatic hematoma in combination with exsanguinating dark venous hemorrhage as the overlying hepatic lobe is mobilized, even with a Pringle maneuver in place, is pathognomonic of this injury.
The majority of patients who survive to reach the operating room will present with retrohepatic tamponade. If the hematoma is unruptured, nonexpanding, nonpulsatile and does not lie over the right renal pedicle, then compressive perihepatic packing should be inserted over the injured hepatic lobe for 24 to 48 hours. Either suture or towel clip closure of the skin of the incision, only, should be performed to allow for easy re-entry into the abdomen at the time of reoperation.
In the patient with active venous hemorrhage despite the application of manual compression or perihepatic packing, formal repair of the retrohepatic vena cava or repair or ligation of the injured hepatic vein is mandatory. The two direct approaches to injuries in this area are application of clamps to the area of perforation or avulsion or an extensive transparenchymal hepatotomy. In the patient with a systolic blood pressure greater than 80 to 90 mm Hg, it is worthwhile to mobilize the overlying hepatic lobe by division of the triangular and anterior coronary ligaments. As the lobe is elevated and two suctions are placed into the retrohepatic area, a Judd-Allis clamp is used to grasp the two sides of a perforation to control hemorrhage. Repair of the retrohepatic vena cava using a continuous suture of 5-0 polypropylene material can be performed underneath the Judd-Allis clamp. If more definitive vascular control is desired, a Satinsky vascular clamp can be placed under the Judd-Allis as this latter clamp is used to elevate the area of injury. After removal of the Judd-Allis clamp, suture repair is performed over the Satinsky clamp. An alternate approach is to use rapid finger fracture/ clips or electrocautery/clips to divide the overlying hepatic parenchyma ("hepatotomy") until the area of venous injury is exposed. This approach should only be performed by the surgeon with extensive experience in elective hepatic resections.
Because of the difficulties with exposure of retrohepatic venous injuries, a variety of other techniques have been suggested to decrease blood flow through this area as repairs are attempted. These include vascular isolation of the liver, transatrial or transfemoral balloon shunts or endotracheal tubes, and transa-trial or transcaval chest tube shunts. The vascular isolation technique involves clamping or looping of the hepatoduodenal ligament, supraceliac abdominal aorta, inferior vena cava below the liver, and inferior vena cava above the liver. Transabdominal looping of the inferior vena cava in the pericardium can be accomplished via a small phrenotomy incision. Vascular control is excellent with this approach; however, profoundly hypotensive patients may suffer a cardiac arrest when the inferior vena cava is clamped, even with simultaneous application of a clamp to the supraceliac abdominal aorta. Another option is the use of a balloon shunt inserted through the femoral vein. This technique has rarely been utilized in a clinical setting. In contrast, the transatrial endotracheal tube in combination with tourniquet control of the intrapericardial inferior vena cava, pursestring control of the entry site in the right atrium, and a Pringle maneuver has been used on a regular basis in some centers. With inflation of the balloon in the infrahepatic suprarenal vena cava, venous return from the kidneys and lower half of the body is diverted into the endotracheal tube and then into the right atrium through an extra hole that is cut in the side of the proximal tube. This will allow for an easier repair of the venous injury, as bleeding is considerably diminished, but the area is far from bloodless because of the numerous small hepatic veins emptying into the "isolated" retrohepatic segment. A transatrial 36-F chest tube with an extra hole cut at the level of the right atrium (20 cm from the next hole) has been the most commonly used shunt in trauma centers in the United States for the past 25 years. Vascular isolation is obtained by clamping the hepatoduodenal ligament and forcing all venous return from the kidneys and lower half of the body through the shunt. This occurs when umbilical tapes previously passed around the suprarenal inferior vena cava and intrapericardial inferior vena cava are pulled tight onto the intraluminal shunt (Fig. 3) . The chest tube shunt is effective only when all its holes are outside the segment of the retrohepatic and suprahepatic vena cava between the umbilical tapes ( Fig. 4 ). With this approach, 6 of 18 patients not requiring a resuscitative thoracotomy survived after being treated for penetrating wounds to the retrohepatic vena cava at the Ben Taub General Hospital in Houston, Texas, from 1977-1987.
Alternate approaches to these highly lethal injuries in the modern era have included use of venovenous bypass or a combination of techniques including perihepatic packing and postoperative venous stenting by an interventional radiologist.
INJURIES TO THE BILE DUCTS
Diagnostic delays have been described repeatedly in patients with blunt injuries to the ductal system. Early abdominal symptoms from leakage of bile appear to resolve without therapy in many patients. This is the result of the modest toxicity of sterile bile in the peritoneal cavity and continued reabsorption of bile through the peritoneum. It is not surprising Fig. 4 . A hole is cut in the right atrial appendage above a Satinsky clamp and a 2-0 silk pursestring suture (A). The 36 French thoracostomy tube with an extra hole cut for venous return approximately 20 cm above the most proximal hole is passed into the right atrium with an occluding clamp on the end. Once the umbilical tape tourniquets are pulled tight, blood flow from the infrarenal inferior vena cava and renal veins passes directly through the shunt into the right atrium (B). Hence, the retrohepatic vena cava is partially isolated to allow for vascular repair. that some of these patients have reasonably normal results on abdominal examination when first seen in the emergency department. Other patients whose condition is stable but with changes in sensorium or sensation or injuries to adjacent areas undergo a spiral CT of the abdomen as previously noted. Even an abdominal CT with contrast does not necessarily reveal partial ductal avulsion in the early postinjury period. Patients whose condition is unstable most commonly undergo either diagnostic peritoneal lavage or abdominal ultrasonography, and neither of these examinations necessarily detects biliary leakage into the porta hepatis or retroperitoneum.
Patients discharged from the emergency department with a ductal injury usually return in 1 or 2 weeks with jaundice, biliary ascites, and inanition. Should further delays in diagnosis occur, death may result. The first diagnostic maneuver in such a patient is abdominal ultrasonography or CT to document the presence of ascites or intra-abdominal fluid collections, followed by a diagnostic peritoneal tap. With the return of bile, the point of leakage can be demonstrated by use of technetium-99m dimethyl iminodiacetic acid (HIDA) radionuclide scanning or by endoscopic retrograde cholangiography. Scanning with HIDA or one of its analogues permits further definition of hepatic parenchymal abnormalities detected on ultrasonography or CT, whereas injury to the biliary tract is delineated during excretion of the tracer. Endoscopic retrograde cholangiopancreato- graphy defines the area of injury most precisely but furnishes no information about an associated hepatic injury. Patients with either blunt or penetrating trauma have also had injuries to the ductal system missed at laparotomy. In one review, a mean delay of 3 weeks occurred before the discovery of injuries to hepatic ducts that had been missed at a previous operation. The reasons that injuries are not detected have included hemodynamic instability and a rapid or incomplete first laparotomy with packing and towel clip or silo closure, failure to evaluate injuries near the hilum of the liver, or failure to define the source of bile staining in the hepatoduodenal ligament or retroperitoneum. In the patient with a rapid first operation for a penetrating wound near the hilum of the liver, careful inspection of the path of the knife or missile is mandatory at the time of reoperation. With the presence of bile staining at either a first or second operation, no obvious ductal injury, and a normal pancreatoduodenal complex, cholangiography through the gallbladder and manual compression or compression with a bulldog clamp applied to the distal bile duct are indicated.
Options for operative repair of injuries to the biliary ducts depend on the hemodynamic state of the patient and the magnitude of the ductal injury. In hemodynamically stable patients, all of the options listed in Table 4 have been utilized (15) .
